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Alien Roses, of GlaxoSnriithKline, 
is quoted in a national 
newspaper as saying more than 
90% of drugs only work in 30- 
50% of people. 
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He said: "Drugs on the market 

work, butthey don't work in everybody. 




► UK sets hospital superbug target 



But Mr Roses said refinennents in genetic technology should make 
it possible to identify more precisely those people who were likely 
to benefit frorn a drug. 
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Variabilità della risposta ai farmaci 



Efficacia 

Antiipertensivi : inferiore a 60%; antidepressivi: 
inferiore a 50%; antipsicotici: inferiore a 40% 

Tossicità 

Circa 2 milioni di pazienti ospedalizzati in USA nel 
1994 hanno avuto reazioni avverse gravi e circa 
100.000 fatali: fra la 4a e la 6a posizione nell'elenco 
delle cause di morte più comuni, davanti a 
polmonite e diabete 
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La variabilità individuale nella risposta ai 
farmaci è dovuta a diversi fattori 




S Fisiologici 

età, sesso, peso corporeo, condizione fisica, stile di vita, 
etnia 

S Patologici 

comorbidità, livello di funzionalità epatica o renale 

S Ambientali 

Stato nutrizionale, alcool, tabacco, interazioni tra farmaci 

enetici 



polimorfismi 
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VARIABILITÀ' GENETICA 



Cambiamenti nella 
normale sequenza 
nucleotidica 





MUTAZIONE 

frequenza nella popolazione 
generale <1% 

modifiche fenotipiche rilevanti 
(malattie mendeliane) 



POLIMORFISMO 

frequenza nella popolazione 
generale > 1% 

Piccole variazioni fenotipiche, mediano con i 
fattori ambientali (fattori di rischio) 
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Type of polymorphism 



1. SNP (single nucleotide polymorphism) 

2. Insertion/deletion polymorphism : insertion or deletion of a 
few nucleotides 

3. Variable number tandem repeats : variation in the number 
of times a sequence of several hundred base pairs is repeated 

4. Simple tandem repeats : 2-4 nucleotides repeated a variable 
number of times 
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nonsynonymous 
(or missense) 



CODING REGION 



synonymous 
(or sense) 



results in an AA substitution 



not alter the encoded AA 



nonsense 



lead to a stop codon 



NON CODING REGION 



intronic regions intergenic regions 



3' and 5' untranslated regions 



promoter or enhancer regions 
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Because 95% of the genome is intergenic , most 
polymorphisms are unlikely to directly affect the encoded 
transcript or protein. However, intergenic polymorphisms 
may have biological consequence s by affecting DNA ter- 
tiary structure, interaction with chromatin and topoi- 
somerases, or DNA replication. Thus, intergenic polymor- 
phisms cannot be assumed to be without pharmacogenetic 
importance. 

PHARMACOGENETICS 

Mary V. Relling and Kothleen M. Giocomini 
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La variabilità 
genetica influisce, a 
seconda del 
farmaco, 

dal 20 al 95% 

nella differenza 
inter-individuale 
riscontrata dopo la 
sua assunzione!! 



Evans W. NEJM 2003:348 



Le variazioni risiedono nel rimanente 1 % 
Sufficiente per dar luogo alla variabilità di popolazione ed individuale 
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Glaxo chief: 

Our drugs do not work 

on most patients 



■ ■■ SS? v-. 




"The idea is to identify "responders" - people who 
benefit from the drug - with a simple and cheap genetic 
test that can be used to eliminate those non-responders 
who might benefit from another drug" 
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Predicted poor 


Predicted increased 


response to 


or non response 


toxicity risk 


tested drug 


Use different drug 


Decrease dose or 
use different drug 



Review 



TRENDS in Genetics Vol.19No.11 November 2003 
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Pharmacogenetic Discovery 



Pre-Genomics 
Drug 

/ \ 

*1 



•••••• 

Tira 



La. 

Genotype 

Compare genetic polymorphisms 
in phenotypic groups 



Post-Genomics 
Genotype 

/ \ 

-EH] CE-D- 

-LTD-D— 
-LTD-0— 

-LTLK3— 
HILHH- 

Compare phenotypes 
in genotypic groups 
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Definizioni 

Farmacogenetica studia un definito numero di geni noti e la correlazione tra 
una determinata molecola (farmaco) ed un dato gene. 

Farmacogenomica studia correlazione tra una determinata molecola (farmaco) 
e l'intero genoma. 

> FARMACOGENETICA: Scienza che studia le differenze individuali nella 
risposta ai farmaci specialmente i polimorfismi genetici che modificano il 
metabolismo (farmacocinetica) e le risposte (farmacodinamica) ai farmaci. 

FARMACOGENOMICA: Disciplina medica emergente derivata dalla 
farmacogenetica con lo scopo di applicare le conoscenze sul genoma allo 
sviluppo di nuovi farmaci e all'individualizzazione delle terapie. 



N EngUMéd 2003; 348: 538-549 
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Pharmacogenetics focuses on large clinical effects of single gene variants 
in small numbers of patients. However, the concept of pharmacogenom- 
ics examines many genomic loci, including large biological pathways and 
the whole genome, to identify variants that together determine variability in 
response to drug therapy. 

Smaller Effect; 
Multiple 
Variants 



Large Single- 
Variant Effect 




Pharmacogenomics 



Pharmacogenetics 



Single Gene Small Number Complex Biological Whole 
ofGenes Pathway Genome 



Roden DM et al. Ann Intern Med 2006; 145:749-57 
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Pharmacogenetics 





Drug 
targete 


Drug 
transporters 


Drug 
metabolizing 
enzymes 



Pharmacodynamics 



Pharmacokinetics 




Key components in 
pharmacogenetics 



Pharmacogenetic traits 
are mainly 

•Polygenic 
•multifactorial 



Review 



TRENDS in Genetics Vol.19 No.11 November 2003 
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Polygenic Determinants of Drug Response 
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9% 
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Moderate (15%) 


a 


a 


40% 
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Moderate 
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80% 


High (80%) 
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■ 
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High 
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10% 
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Evans W and McLeod H. N Engl J Med 2003;348:538-549 




UNIVERSITÀ degli STU^IJDj VERQNA 



Farmaco a li vedo del sito 
di somministrazione 



In 



Assorbimento 

{entrata) 



Farmaco nel plasma] 



I Distribuzione 



Farmaco nei tessuti 
|0 Metabolismo 

Melabolita(i) nei tessuti 

_ / 

J Eliminazione 

(uscita) 

i 



Farmaco eto metaoolita(i) 
nelle urine, feci, bile 



Le 4 fasi della Farmacocinetica 



ABSORPTION 



DISTRIBUTION 



METABOLISM EXCRETION 




Figure 4-1 The four basic pharmacokinetic processes. 

Dotted lines represent membranes that must be crossed as drugs move throughout the body. 
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Da: Drug Bioavailability: Estimation of Solubility, Permeability, Absorption 
and Bioavailability - Edited by H van de Waterbeemd and B Testa 



Orai 
formulation: 
liberalion 
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Implications of polymorphisms on Pharmacokinetics 



S Drug Absorption 
S Drug Distribution 
S Drug Elimination 



Trasportatori: mediano 
assorbimento eliminazione 
renale e biliare 



^Drug Metabolism 
S Drug Activation 



Enzimi di Fase I 
Ossidazione, 

riduzione, 
idrossilazione, 
dealchilazione 

Scopo: introdurre un 
nuovo gruppo 
funzionale per 

attivare/inattivare il 
farmaco 



Enzimi di Fase II 
Coniugazione con 
acido glucuronico, 
glutatione, solfato, 
acetato, etc. 

Scopo: aumentare 
la solubilità 
nell'acqua per 

facilitarne 
l'eliminazione 



io 
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Reazioni di Fase I 



Enzimi famiglia Citocromi P450 



Brain 



S Attivano farmaci, 
detossificano sostanze ma 
attivano anche sostanze non- 
tossiche in sostanze tossiche 

^Molti di questi enzimi sono 
polimorfici 

S\ polimorfismi del 
CYP2C9, CYP2C19, e del 
CYP2D6 sono clinicamente 
significativi nell'uso dei 
farmaci 



Liver 




Intestines 
Monocytes 
Macrophages 
Lymphocytes 



Lungs 



Kidneys 
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Variabilità dei Citocromi P450 (CYP) 



S Attualmente ci 
organismi superici 

^Nell'uomo ci sj 

^Fino ad oggi 
58 pseudogeni, q 
diversi cromosorj 

S\ substrati endl 
acidi biliari, vitaJ 
sono responsabi 
(metabolismo osi 
usati nella clinica 



Phase 1 



CYP1B1 
CYPIAIfZ I 
epoxkfe j j CYP2A6 

******* //CYP2B6 



ALDH-^ADH 



f CYP2C9 




lome CYP negli 



funzionali, più 
Ili geni sparsi su 

lanoidi, steroidi, 
lie CYP 1, 2 e 3 
fismo di fase I 
piali attualmente 
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Nomenclatura dei CYPs 



Esempio: CYP2D6*1 

corrisponde alla variante allelica "wild-type" della proteina CYP2D6 



CYP2D6*1 

CYP - abbreviazione per citocrome P450 

2 - famiglia (> 40% omologia di sequenza) 
- D - sotto-famiglia (> 55% omologia di sequenza) 
6 - gene specifico / enzima 
* 1 - allele specifico (variante) 
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Table 1. Pharmacogenetics 


of Phase 1 Drug Metabolismi 






Drug-Metabolizing Enzyme 


Frequency of Variant Poor- 
Metabolism Phenotype 


Representa tive 
Drugs Metabolized 


Eflfect of Poh/morphism 


CytochromeP-450 2D6 
(CYP2D6) 


6.8% in Sweden 
l%in China 17 


Debrisoquin 15 
Sparteine 16 
Nortriptyline 23 
Codeine 27 ' 28 


Enhanced drug effect 
Enhanced drug effect 
Enhanced drug effect 
Decreased drug effect 


Cytochrome P-450 2C9 
(CYP2C9) 


Approximately 3% in England 29 (those 
homozygousforthe*2 and *3 alleles) 


Warfarin 29 ' 30 
Phenytoin 31 ' 32 


Enhanced drug effect 29 32 


Cytochrome P-450 2C19 
(CYP2C19) 


2.7% among white Americans 33 
3.3% in Sweden 
14.6% in China 17 
18% in Japan 33 


Omeprazole 34 35 


Enhanced drug effect 36 ' 37 


Dihydropyrimidine 
dehydrogenase 


Approximately 1% of population is 
heterozygous 38 


Fluorouradl 3940 


Enhanced drug effect 39 ' 40 


B utyrylchol inest erase 

(pseudochol in est erase) 


Approximately 1 in 3500 Europeans 41 


Succi nylcholine 9 ' 41 


Enhanced drug effect 9 ' 41 



* Examples of genetically polymorphic phase I enzymes are listed that catalyze drug metabolism, including selected examples of 
drugs that have clinically relevant variations in their effects. ■■■■^■^^■^■■■^■■■HHH 



NEJM 2003; 348: 529-537 
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Enzimi di Fase II 



Coniugazione 



Per la maggior parte dei fard 
meccanismo di detossificaziorJ 
intermedi risultano 



S UDP-Glucuronosyltransferase [UGTs] (GÌ 

UGT1 and UGT2 families 

S Glutathione S-Transferase [GST] 

S Sulfontransferase (Sulfatazione) [SULT] 

S Methyltransferase (Mediazione) [MT] 

S Epoxide Hydrolases (Ossidazione) [EH] 

S N-acetyltransferase (Acetilazione) [NAT] 
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Table 2. Pharmacogerietics of Phase II Drug Meta boi ism,* 


Drug-Metabolizing Enzyme 


Frequency of Variant Poor- 
Metabolism Phenotype 


Re presenta ti ve 
Drugs Meta boi ized 


EfFect of Polymorph ism 


IV-Acetyltransferase 2 


52 % among white Ameri cans 10 
17% of Japanese 59 


IsoniazEd 10 

Hydralazine 11 

Procainamide 12 


Enhanced drug effect 13 


Urfdine diphosphate-glucurono- 
syltran sfera se 1A1 (TATA-box 
polymorphism) 


10.9% arnongwhites 59 
4% ofChinese&° 
1% ofjapanese 60 


Irinotecan 61 
Bilirubin 62 


Enhanced drug effect 63 
Grlbert's syndrome 62 


Thi opuri ne 5-methyltran sferase 


Approximately 1 in 300 whites 50 . 57 
Approximately 1 in 2500 Asians 57 


Mercaptopurine 5 * 
Azathioprine 


Enhanced drug effect 
(toxi city] 


Catechol O-met hyl tra nsf erase 


Approximately 25% ofwhites 5 M4 


Levodopa 51 . 65 


Enhanced drug efFect 51 ." 5 



* Examplesof genetically polymorphic phase II (conjugating) enzymesarelistedthat catalyze drug metabolism, indudingselected 
examples of drugs that have dinically rei èva nt variations in theireffects. 



NEJM 2003; 348: 529-537 
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Farmacogenetica nella pratica clinica 



1) Warfarin 




2) Clopidogrel 



3) HCV treatment 




UNIVERSITÀ degli STUDI (di VERONA 




Farmacogenetica nella pratica clinica 



1) Warfarin 




Il [ L II 



2) Clopidogrel 



3) HCV treatment 




</ Jj 
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iJ III 
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fPJU Karl Link 



1948 



/arfarin was given to President Dwight Eisen- 
^ ;„r.^.;^ ^ s Duxbury and 

The first ^nctorafóed trial of these anticoagulants was Ivar hero and the 

performed ^1960 garriti & Jordan, I960). Patients with |od for ali, despite 

pulmonary emBousm were randomised to anticoagulation V^ì 

with heparin and nicoumalone or to no anticoagulation. Of 
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1940s 
UFH 
commercially 
availahle 




1993 
First 
commercially 
available LMWH 



1998 
First 
commercially 
available DTI 



2001 
First 
commercially 
available 
in direct Xa 
inhibitor 




INJECTABLES 



1940 1950 



1 



1990 2000 2010 



ORAL AGENTS 
^50 years 



1954 
Warfarin 
commercially 
avalla Me 



Orai DTIs: dabigatran 
Orai Xa: rivaroxaban 
ap bea bari 



2003 
FDA rejects 
x ime lag a tran 



7 



2011 
Potè mi al 
launch of 
rivaroxaban 



AC=anticoagulant; CTI=directthrombin inhibitor; FDA=Food and Crug Adminìstration; 
-IV'A'H =■:■■-, -v:- t-: .i -v-y'.t : -t rro.-nin: J-- = uifr-ìc: oiutrcl l'ecarin. 



2010 
Dabigatran 
etexilate approved 
in the JS 
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TAO: indicazioni 

Le principali indicazioni sono: 

• Fibrillazione Atriale (FA), 

• altre cardiopatie (protesi valvolari, cardiomiopatia), 

• Trombosi Venosa Profonda (TVP) e l'Embolia Polmonare (EP) 

• oltre ad altre condizioni. 




Centro FCSA 
153 0P 



> 
LU 



Eventi 
Tromboembolici 



Intensità anticoaqulazione (INR) 
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Fibrinogen 



Fibrin 



Therapeutic doses of warfarin 
decrease the total amount of the 
active form of each vitamin K 
dependent clotting factor made 
by the liver by approximately 
30% to 50%. 
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WARFARIN IN CLINICA 



Dose iniziale: 5 mg/die 





INR nell'intervallo 2,0-3,0 (2,5- 
4,0 per pazienti ad alto rischio): 

Si prosegue con la dose iniziale 
che diventa di "mantenimento" e si 
monitora l'INR ogni 4-6 settimane 



INR fuori dall' intervallo 2-3: 

Aggiustamenti della dose fino 
a riportare l'INR nel range 
terapeutico. 
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Nei primi 30 giorni di trattamento con Warfarin si va incontro frequentemente 
ad eventi avversi perché: 

• stretto intervallo terapeutico 

• elevata variabilità interindividuale (0,5-10 mg/die) 

S 1/3 dei valori di INR è fuori dal range terapeutico 
S l' INR che non è compreso nell'intervallo 2-3 porta ad un 
aumentato rischio di over-coagulazione o sanguinamento 



Negli USA si è calcolato che: 

•Fenomeni di sanguinamento occorrono nel 6-39% dei pazienti in 
trattamento 

•Più del 7% dei pazienti va incontro ad episodi emorragici letali durante il 
trattamento 
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Warfarin farmacocinetica 



| 6 hydroxywarfarin | f 

r— — — — 1 CYPIaV) (CYP2C9)/ 

8-hydroxywarfarin ^ ~ I 

\CYP2C19) I 



7-hydroxywarfarin 



[ IO hydroxywarfarin~| 




6 hydroxywarfarin | 




IYP2C8) 



| R-Warfarin | S-Warfarìn" 

CYP2C9) 
2C15) 



1 ffl PharmGKB 



^-hydroxywarfarin | 



Eliminat on via Kidney 



dehydrowarfarin 



4 hydroxywarfarin 



Elimination via bile 
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CYP2C9 



Responsabile del metabolismo del 16% dei farmaci attualmente in commercio 
Importante per il metabolismo dei farmaci a range terapeutico stretto (oltre al 
warfarin, fenitoina, FANS) 

Mutazioni nel gene sono state trovate nel 40% dei caucasici: 



FENOTIPO 
METABOLIZZATO RI 

NORMALI 

METABOLIZZATO RI 

INTERMEDI 

METABOLIZZATO RI 

LENTI 



GENOTIPO 

*1/*1 

*l/*2 - *l/*3 

*2/*2 - *3/*3 - 
*2/*3 



FREQUENZA 
70% 

10-16% 

4% 



Scordo MG et al. 2001. J Clin Pharm. 52: 447-450 
Charles S. Eby. 2009 Clin Chemistry 55:4 
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'A 



\ 



Genotypes 



*l/*2 
*l/*3 
*2/*2 
*2/*3 
*3/*3 



CYP2C9 



/T\ 

Metabolize Metabolize Metabolize 
Fast Normally s lowly 



Impact on warfarin metabolism 



Extensive (normal) metabolism 
Intermediate metabolism 
Slow metabolism 
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SNPs inCYP2C9 



r 



AUMENTO ATTIVITÀ' 
ENZIMATICA 



1 



Il farmaco viene eliminato più 
velocemente e dunque sarà 
necessaria una dose maggiore per 
raggiungere l'efficacia 
terapeutica 



I 



FARMACORESISTENZA (FR) 



DIMINUZIONE ATTIVITÀ' 
ENZIMATICA 



1 



Il farmaco viene eliminato più 

lentamente e dunque sarà 
sufficiente una dose minore per 
raggiungere l'efficacia 
terapeutica 



1 



FARMACOSENSIBILITA' (FS) 
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Effect of CYP2C9 Genotype on Anticoagulation-Related 

Outcomes 



WARFARIN MAINTENANCE DOSE 



Stili large variability in 
warfarin dose (15-fold) in 
*!/*! "controls"? 




CYP2C9 is associated with: 

1 . Warfarin manteinance dose 

2. Time to stable dose (95 days) 

3. Rate of above range (HR:1.40) 
4. Bleeding events (HR:2.39) 



*1/*1 *1/*2 *2/*2 *1/*3 *2/*3 *3/*3 



N 127 



28 



Higashi MK et al. JAMA 2002:287:1690-8 
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Adapted from Gage et al., Thromb Haemost, 2004 



Variable 


Change in Warfarin Dose 


P value 


Target INR, per 0.5 increase 




21% 




<0.0005 


BMI, per SD 




14% 




<0.0001 


Ethnicity (African- American, 


[Asian]) 


13%, 


[jlO-15%] 


0.003 


Age, per decade 




13% 




<0.0001 


Gender, Female 




12% 




<0.0001 


Drugs (Amiodarone) 




24% 




0.007 


CYP2C9*2, per allele 




19% 




<0.0001 


CYP2C9*3, per allele 




30% 




<0.0001 



30% of the variability in warfarin dose is explained by these factors 
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© THE WALL STRE ET JOURNAL. 
O N L I N € 

In Milestone, FDA Pushes Genetic Tests Tied to Drug 
August 16. 2007 




Warfarin Label Update Includes Genetic Information 
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Cytochrome P-240 2C9 Mutations Detected 


CYP2C9 allele 


Nucleotide change 


Effect on Enzyme Metabolismi 


*1 


None (wildtype) 


Normal 


*2 


430 OT 


Decreased 


*3 


1075A>C 


Decreased 


*4 


1076T>C 


Decreased 


*5 


1080C>G 


Decreased 


^6 


818delA 


None 


*B 


449 G>A 


Decreased 


*11 


1003OT 


Decreased 


*13 


269T>C 


Decreased 
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Warfarin farmacodinamica 



R-WM*rtn ^-Wsrfarln I 



\ ) 

(mai) ,---.">-i. Q D +) 

C.EPHX1 }I.V<aHCl) , 



f VitRmir K \ 






f VtaminK > 
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f? C Gtó D 



CiD 
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SNPs inVKORCl 



r 



AUMENTO ATTIVITÀ' 
ENZIMATICA 



1 



Aumentata disponibilità di vitamina K e 
maggior numero di fattori della 
coagulazione attivi; è necessaria una 

dose maggiore di farmaco per 
promuovere l'effetto anticoagulante 



1 



DIMINUZIONE ATTIVITÀ' 
ENZIMATICA 



1 



Diminuita disponibilità di vitamina K e 
minor numero di fattori della 
coagulazione attivi; è sufficiente una 
dose minore di farmaco per promuovere 
l'effetto anticoagulante 



1 



FARMACORESISTENZA (FR) 



1 



FARMACOSENSIBILITA' (FS) 




UNIVERSITÀ degli STU^IJDij VEI 



VK0RC1 Mutations Detected 



VK0RC1 allele Nucleotide change Effect on Enzyme Metabolismi 



-1639 



-1639G>A 



Decreased Transcription 




VK0RC1 -1639 AG 



20 40 60 80 100 120 140 




VK0RC1 -1639 AA 



100 120 140 



Warfarin therapeutic dose (mg/week) 



Johnson J. Clin Pharmacol Therap 201 1 ;90:625-9 



1 
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CYP2C9 


Genoryp* 


!vf etanoli sni 


Nomenclature 




Estensive, raptd, ultra- metabolizer 


Nonna], wiJd 




Intermediate 


Hererozygote 




Poor, sto* 


Heterozygote 




Poor, slow 


Compound heterozygole 


•2f*2 


Poor, slow 


Homozygote 


"3^3 


Estrenìdy slow 


Homozygote 



CYP2C9 



VKORC1 





Genotype 


Enzyme production 


Nomenclature 


BB 


Low {higfier ivarfarln dose) 


Norma], wild 


AB 


Medium 


HeLerozygote 


AA 


High ( Jower warfarin dose! 


H omozigote 
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Relative Contribution of Major Sources of 
Warfarin Dose Variability 



McClain MR, Genet Med. 2008 Feb;10(2):89-98. 



6O1 
40- 
20 
O 



§ -20 
£ -40 
^ -60 

I» 



\Atìoub526 332 27 46 9 



*in *ir2 *1/*3 *2T2 *2T3 *3T3 
CYF2C9 




614 769 246 



BB AB AA 

VKORC1 
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Clinical Pharmacogenetics Implementation 
Consortium Guidelines for CYP2C9 and VK0RC1 
Genotypes and Warfarin Dosing 

)A Johnson 1 , L Gong 2 , M Whirl-Carrillo 2 , BF Gage 3 , SA Scott 4 , CM Stein 5 , IL Anderson 6 , SE Kimmel 7 ' 8 ' 
MTM Lee 10 , M Pirmohamed 11 , M Wadelius 12 , TE Klein 2 and RB Altinan 21 -' 

CLINICAL PHARMACOLOGY&THERAPEUTICS | VOLUME 90 NUMBER4 OCTOBER 201 1 




U.S. Food and Drug Administration. Coumadin 
Labeling. Updated January 22, 2010. 



COUMADIN 3 TABLETS 

(Warfarin Sodium Tablets, LISP) Crystalline 



VKORC1 


CYP2C9 


*1/*1 


*l/*2 


*l/*3 


*2/*2 


*2/*3 




GG 


5-7 mg 


5-7 mg 


3-4 1112 


3-4 mg 


3-4 1112 


0.5-2 1112 


AG 


5-7 mg 


5-4 ni2 


3-4 1112 


3-4 ni2 


0.5-2 1112 


0.5-2 1112 


AA 


3-4 mg 


3-4 1112 


0.5-2 1U2 


0.5-2 ui2 


0.5-2 1112 


0.5-2 1112 



Range of Expected Therapeutic Warfarin Doses 
Based on CYP2C9 and VKORC1 Genotypes 
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Gage BF. Clin Pharmacol Ther 2008;84:326-31 



















VKOR G>A 


-28% 


25% 


O.OOOl 


BSA, per 0.25 
m 2 


11% 


9% 


<0.0001 


CYP2C 


-33% 


6% 


<0.0001 


Age, per decade 


-7% 


5% 


<0.0001 


CYP2C9*2 


-19% 


5% 


<0.0001 


Target INR, per 
0.5 increase 


11% 


1% 


<0.0001 


Amiodarone 


-22% 


1% 


<0.0001 


Smoker 


10% 


0.4% 


0.002 


AA race 


-9% 


0.4% 


0.002 


VTE 






0.0 J ?, 



f 



Use of Pharmacogenetic and Clinical Factors to Predict the 
Therapeutic Dose of Warfarin N= 1.015 









Prediction 
algorithm 


H 


Median 
prediction 
errar 


Pharmaco- 
genetic 


53- 
54% 


1.0 mg/d 


Clinical 


17- 
22% 


1.5 mg/d 
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Algorithms - Gage Model 

Dose = exp[0.9751 - 0.3238 X v(y) + (0.4317 X BSA) - D.40D8 X c_3(y) - 

(0.00745 X age) - 0.2066 X c_2(y) + (0.2029 X target INR) - (0.2538 
x Amiodarone use) + (0.0922 x Smokes) - (0.0901 x Afri cari -A me ri co ri race) 
+ (0.0664 X DVT/PE)] 



{ 0 if VKORC1 
v(y) = { 1 ifVKORCI 
{2 if VKORC1 



■1639 genotype = G/G 
■1639 genotype = G/A 
■1639 genotype = A/A 



{ 0 if CYP2C9*2 genotype = C/C 
c_2(y) = { 1 if CYP2C9*2 genotype = C/T 
{ 2 if CYP2C9*2 genotype = T/T 

{ 0 if CYP2C9*3 genotype = A/A 
c_3(y) = { 1 if CYP2C9*3 genotype = A/C 
{ 2 if CYP2C9*3 genotype = C/C 



Amiodarone use: 

1 if taking, 0 otherwise 

African-American race: 
1 if AA, 0 otheirwise 

Smokes: 1 if yes 

DVT/PE: 1 if present 



Gage B, Eby C, Johnson J. Deych E. Rieder M, Ridker R et al. Use of Pharmacogenetic and Clinical Factors to 
Predi et the Therapeutic Dose- of Warfarin. Clin.Pharmacol.Ther. 2008 Feb 27. 
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Relative contribution of different polymorphisms on coumarin maintenance dose 



Genevariant 


MAF 


Differencein 
means 


Lower 
limit 


Upper limit 


Pvalue 


CYP4F2 


0.28 


0.093 


0.060 


0.125 


P< 0.001 


VK0RC1 


0.48 


-0.315 


-0.345 


-0.285 


P< 0.001 


CYP2C9*2 


0.10 


-0.185 


-0.218 


-0.147 


P< 0.001 


CYP2C9*3 


0.05 


-0.272 


-0.312 


-0.232 


P< 0.001 


CYP2C9*2*3 


0.14 a 


-0.241 


-0.278 


-0.204 


P< 0.001 



Data calculated from a subgroup of 24 studies including over 6000 participants. 

Clin Pharmacol Ther. 2012 Dec;92(6):746-56. 
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Warfarin - the ideal drug for 
pharmacogenetic-guided dosing 



• Commonly used 

• Large interindividual variability in 

• Complicated dose titration, dejaj 
biomarker (INR) tJlAltl 

• Narrg^/ th^^A^AHa^Jwr^rderable toxicity 

• ConfcftpHM|lÉWap[s explain a large part of the 
interi|dWdual variability (high-risk pharmacokinetics 
and -dynamics) 




Novel Anticoagulants 




■ 



Table 1 1 Properties of warfarin and new orai anticoagulantdrugs 



Feature 


Warfarin 


Dabigatran 


Rivaroxaban 


Apixaban 


Target 


Vitamin K epoxide reductase complex 
Coagulatìon factors II. Vll f IX andX 


Thrombin 


Activated coagulatìon factor X 


Activated coagulatìon 
factor X 


Dosing 


Adjusted to INR of 2-3 


Fixed (llOmg or 150mg), 
twice-daily* 


Fixed (20 mg), once-daily 


Fixed (5 mg), twice-daily 


Orai bioavailability 


93% 


6-7% 


80% 


m 


Onsetof action 


4-7 days 


0.5-2h 


3-4h 


3-4h 


Time to peak plasma 
concentration 


4h 


2h 


3h 


3h 


Duration of peak 
plasma concentration 


24-72h 


0.5-2.0h 


2.5-4h 


3-4h 


Plasma protein 
binding 


99% 


35% 


95% 


87% 


mm 


20-60h 


ll-15h 


7-13h 


10-14h 


Duration of action 


48-96 h 


24 h 


Not reported 


Not reported 


Interactions 


Food* and drugs& 


Potent inhibitors of 
P-glycoproteinil 


Potent inhibitors of P-glycoproteinll 
and cytochrome p450 3A4 fl 


Potent inhibitors of 
cytochrome p450 3A4 11 


Excretory route 


Renai (92% as metabolites) 


Renai (80%) 


Renai (66%; half unchanged, 
half as metabolites) 
Faeces and biliary 
(33% as metabolites) 


Renai (25%) 
Faeces (20%) 


Adverse effects 
(>1%) 


Bleeding 


Dyspepsia, bleeding 


Bleeding 


Bleeding 


Monitoring 


INR measurement 
(every 1-4 weeks) 


INR measurement not required 
Activated partial 
thromboplastin time, thrombin 
time and ecarin clotting time 
can be measured 


INR measurement not required 
Prothrombin time, and anti- 
activated factor X activity can 
be measured 


INR measurement 
not required 
Prothrombin time 
and antiactivated factor X 
levels can be measured 



29 



1 
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Genetic Determinants of Dabigatran Plasma Levels and Their Relation to Bleeding ClTCUlatiOD 

Circulation. 2013;127:1404-1412; originali}' published online March 6, 2013; * } £™ 

" A: 



i CESI and ABCB1 loci are associated with dabigatran pharmacokinetics. 



CESI encodes for the liver carboxylesterase 1 enzyme, an esterase responsible for the 
biotransformation of dabigatran etexilate into the active metabolite dabigatran. The SNP 
with the strongest effect, rs2244613, was associated with a 15% decrease in 
concentrations per minor allele. 

The ABCB1 gene encodes for P-glycoprotein, an ATPdependent drug efflux pump for 
xenobiotic compounds. Dabigatran etexilate, but not dabigatran, is an ABCB1 substrate, 
and ABCB1 inhibitors (amiodarone) increase dabigatran bioavailability by 10% to 20%. 
each minor allele of the ABCB1 SNP rs4148738 was associated with a 12% increase in 
adjusted peak concentrations 
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Faraiacogenetica nella pratica clinica 




1) Warfarin 



2) Clopidogrel 



3) HCV treatment 





</ jj 
ci 
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Pharmacogenetics of Clopidogrel 



Review Artide 

Current Concepts on Antiplatelet Therapy: Focus on the Novel 
Thienopyridine and Non-Thienopyridine Agents 



in 2009, clopidogrel was the second-biggest-selling 
drag in the world, with global revenues of more than $8 
billion although generic versions of clopidogrel are already 
available in Europe and are expected to appear in the US 



within a few years. 



Testa L. Adv Haematol. 2010:2010:595934 




Prasugrel 



31 
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Problems with clopidogrel 

S Risk of bleeding 

S Slow reversai (irreversible P2Yi2 inhibition) 



S Slow onset of action 



S High inter-individual variability in response 



C 




u V°c 



CYP1A2 
CYP2C19 



CYP3A 

O v orH CYP2C9 
CYP2C19 



CYP2B6 HOOC" 



Clopidogrel 




2-Oxo- 
clopidogrel 



°^OCH 3 

R-130964 
(active) 



u v OH 



SR26334 
(in active) 
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Varianti CYP2C19 Farmacodinamica 



CYP2C19 function 


Variant 






Normal 


+ 1A 


Decreased 


*2A, *3A, *4, *8, (*9, *10) 


Unknown 


*5A, *6, *7, *12-*16, *18-*25 



1 Metabolizer 
phenotype 


Genotype 


Ultrarapid 


+ 17/*17 


Extensive 


*1A/*1A 


Intermediate 


*1A with any of *2A, *3, *4, *8 


Poor 


any combination of decreased 
function alleles 



B Pharmacodynamic Response 

Clopidogrel, 300 mg 

100-, 



25% 



I 



UM EM IM 

(N = 22) (N = 31) (N=29) 



PM 

(N=8) 



Mega JL NEJM. 2009:360:354-362 




UNIVERSITÀ degli STUpifoii VERONA 



Response variability ("resistance") to clopidogrel 
What is the solution? 
Change the drug! 




O Esterases _ 1 



CYP3A 
CYP2B6 
CYP2C9 
CYP2C19 



H00C ;XW 



Prasugrel 



R-95913 
(ìnactive) 



R-138727 
(active) 




Compared to clopidogrel this drug has: 

S faster onset of action, 
S greater inhibition of platelet aggregation at clinical doses, 
S less between-patient variability, 
S a more efficient metabolism. 
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QtRITON TlMI-18 




CV death/MI/stroke 

Primary Efflcacy End Point 



r NonCABG bleed 

In TRITON-TMI 38, for each 
death from cardiovascular causes prevented by 
the use of prasugrel as compared with clopido- 
grel, approxìmately one additional episode of fa - 
tal bleedingwas caused by prasugrel 

Editoria! NEJM 2007:357:20 



A 20% 



Clopidogrel^ m ^ 




Hazard ratio, 0.81; 
95% CI, 0.73-0.90; 
P<0.001 



A 13% 
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HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include ali the informa rion ueeded to use Effieut 
safely and effectively. See full presciibing infonnation for Effieut. 
EFFIENT (prasugrel) tablet? 
Initiall'.S. Approvai: 2009 




warfarin, heparin, 
fibrinolytic therapy, 
chronic use of NS AIDS 



WARNING: BLEEDING RISK 

See full prescribing informati 011 for complete boxed warning 

Effient can cause significant, sometimes fatai, bleeding (5.1, 5.2, and 6.1). 

Do not use Effient in patients with active pathological bleeding or a 
history of transient ischemie attack or stroke (4.1 and 4.2). 

In patients > 75 years of age, Effient is generali) not recommended 
because of the increased risk of fatai and intracranial bleeding and 
uncertain benefit, except in high-risk patients (diabetes or prior MI), 
where its effect appears to be greater and its use may be considered (8.5). 

Do not start Effient in patients likely to undergo urgent coronary artery 
bypass grafi surgery (CABG). When possible, discontinue Effient at least 
7 days prior to any surgery. 

Additional risk factors for bleeding include: 

• body weight < 60 kg 

• propensity to bleed 

• concomitant use of medications that increase the risk of bleeding 

Suspect bleeding in any patient who is hypotensive and has recenti} 
undergone coronary angiography, percutaneous coronary intervention 
(PCI), CABG, or other surgical procedures in the setting of Effient. 

If possible, manage bleeding without discontinuing Effient. Stopping 
Effient, particularly in the first few weeks after acute coronary syndrome, 
increases the risk of subsequent cardiovascular events (5.3). 
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Non responder 




Intensifying Platelet Inhibition — Navigating 
between Scylla and Charybdis 

Deepak L. Bhatt, M.D. 

Potentially, future research will support in- 
dividualized antiplatelet therapy based on point- 
ofcare |testing of platelet function| as the solution. 



ESC Guidelines for the management of acute 
coronary syndromes in patients presenting 
without persistent ST-segment elevation 



EUROPEAN 
SOCIETY OF 

CAIOOIOCY • 



N ENGLJ MED 357120 NOVEMIBER 15, 2007 

2011 
ESC GUIDELINES 



Increasìng the maintenance dose of clopidogrel based on platelet function testing is noi advised as routine, but may be 
considered in seleeted cases. 


llb 




Genotyping and/or platelet ftinccion testing may be considered in seleeted cases when clopidogrel is used. 


llb 
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Response variability to clopidogrel 



Responce to functional tests 



Bioavailability 




Clinical factors II Genetic factors SI Cellular factors 



j 



•Age 
•Sex 
•BMI 

•Diabete 
•Smoking 



•SNPs of CYP2C19 
•SNPs of MDR 
•SNPs of P2Y12 
•SNPs of PONI 



•Accelerateti platelet turnover 
•Up-regulation of P2Y- 
independent pathways 
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Clinical Pharmacogenetics Implementation Consortium 
Guidelines for Cytochrome P450-2C19 (CYP2C19) Genotype and 
Clopidogrel Therapy 

SA Scott 1 , K Sangkuhl 2 , EE Gardner 3 . CM Stein 4 5 J-S Hulot 6 7 , JA Johnson 8 9 10 , DM 
Roden 11 12 TE Klein 2 , and AR Shuldiner 13 14 

ClinPharmacol Ther. 2011 August ; 90(2): 328-332. 



Assigning likely CYP2CT9 phenotypes based on genotypes 



Likely phenotype 


Genotypes 


Examples of diplotypes 


Ultrarapid metabolizer: nomial or increased activity (~5- 
30°o of patients) 


An individuai carrying rwo iiicreased-activity alleles 
(*77), or one functional allele (*J) plus one increased- 
activity allele (*J7) 


*1/*17, *17/*17 


Extensive metabolizer: liomozygous wild-type or normal 
activity (-35-50% of patients) 


An individuai carrying rwo functional (*i) alleles 


*1/*1 


Intennediate metabolizer: heterozygote or intemiediate 
activity (-18-45% of patients) 


An individuai carrying one functional allele (*1) plus 
one loss-of-function allele (*2-*8) 


*l/*2, *l/*3 


Poor metabolizer: homozygous variant. mutaiit. low. or 
deficient activity (-2-15% of patients) 


An individuai carràia rwo loss-of-function alleles 

i*2-*S) 


*2/*2, *2/% *3/*3 



For some rare genotype combinations metabolic phenotypes are difficult to predict: see Supplemeiitary Table S3 online. 
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Clinical Pharmacogenetics Implementation Consortium 
Guidelines for Cytochrome P450-2C19 (CYP2C19) Genotype and 
Clopidogrel Therapy 

SA Scott 1 , K Sangkuhl 2 , EE Gardner 3 . CM Stein 4 5 , J-S Hulot 6 7 , JA Johnson 8 9 10 , DM 
Roden 1112 , TE Klein 2 , and AR Shuldiner 13 14 

ClinPbarmacol Ther. 2011 August ; 90(2): 328-332. 

Clopidogrel therapy based on CYP2C19 phenotype for ACS/PCI patients initiating antiplatelet therapy 




Pheuotype (genotype) 


Implicatious for clopidogrel 


Therapeutic recommeudatious 


Classificatiou of recommeudatious^ 


Ultrarapid metabolizer 

(UM) (*1/*17, ni in?) 
and extensive metabolizer 
(EM) (* ì/*l) 


Normal (EM) or iucreased (UM) 
platelet inliibition: normal (EM) or 
decreased (UM) residuai platelet 

aggregatici^ 


Clopidogrel label-recommended 
dosage and administration 


Strong 




Intermediate metabolizer 

(im) (*;/*:) 


Reduced platelet inliibition: 
iucreased residuai platelet 
aggregation: iucreased risk for 
adverse cardiovascular events 


Prasugrel or other alternative 
therapy (ifno contraindication) 


Moderate 






Pool metabolizer (PM) 


Sigrrificantly reduced platelet 
inurbinoli: iucreased residuai 
platelet aggregation: iucreased risk 
for adverse cardiovascular events 


Prasugrel or other alternative 
therapy (ifno contraindication) 


Strong 
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Clopidogrel e test CYP2C19 

2009: FDA aggiunge informazione sui deboli 
metabolizzatori (20-30% nei bianchi, 35-45% 
in neri e 50-65% in orientali) 

2010: FDA aggiunge "Boxed Warning". Una 
meta-analisi conferma un rischio aumentato, 
e F American College of Cardiology approva 
il test genetico, ma due nuovi studi non 
indicano alcun effetto significativo sugli 
eventi cardiovascolari in pazienti con ACS. 
Un editoriale ricorda che le varianti con 
funzione ridotta rappresentano solo parte del 
problema terapeutico totale 

Wang, McLeod. Weinshilboum, NEJM March 201 1 
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Clinical Pharmacogenetics Implementation Consortium 
Guidelines for Cytochrome P450-2C19 (CYP2C19) Genotype and 
Clopidogrel Therapy 

SA Scott 1 , K Sangkuhl 2 , EE Gardner 3 . CM Stein 4 5 J-S Hulot 6 7 , JA Johnson 8 9 10 , DM 
Roden 1112 , TE Klein 2 , and AR Shuldiner 13 14 

ClinPhaimacol Ther. 2011 August ; 90(2): 328-332. 




Potential benefits and risks for the patient — The potential benefits of CYP2C19 
testing are that patients with genotypes associateci with a higher risk of adverse 
cardiovascular events during clopidogrel therapy can be identified, and an alternative 
antiplatelet strategy can be instituted. Although there is mounting evidence associating 
deficient CYP2C19 with increased risks of adverse cardiovascular outcomes in patients on 



clopidogrel therapy, there are potential risks in making changes in a patient's therapy on the 
basis of CYP2C19 genotype in the absence of randomized clinical trial evidence. CYP2C19 
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Impact of CYP2C19 variant genotypes on clinical 
efficacy of antiplatelet treatment with clopidogrel: 
systematic review and meta-analysis 

43:d4588 doi: 10.1136/bmj.d4588 





No with events/No in group 
Carriers Non-carriers 



Major adverse cardiovascular events (MACE) 

Trenk20 0 6 63 5 / 24 5 1 9/ 5 5 2 

Malek 2008 64 1/21 5/84 

Mega 20 09 34 46/395 8 3/10 64 
Simon 2009 65 76/635 218/1573 



Collet 2009 66 
Sibbing 2009 67 
Giusti 2009 68 
Tiroch 2010 70 
Wallentin 2010 18 
Pare 2010 19 
Sawada 2010 72 
Bouman 2010b 20 
Total 



7/186 
121/1805 
8/525 



12/73 

52/680 

10/247 

14/248 
149/1388 332/3516 

52/650 
2/42 

81/678 
500/5302 1176/13 227 



2/58 
135/1304 



OR: 1.11 P=0.36 



Odds ratio 
(95% CI) 
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What is already known on this topic 



Wha 




I ef0jy|f clopidogrel 
lerTt with clopidogrel is guided by CYP2G19 



Summary nsk estimates tram a systematic analysis indicate no effects or substantially biased effects of the CYP2G1 9 
genotype on the occurrence of adverse cardiovascular events 

The tow morali epidemiologica! credibìfity of the associations makes ali effect esìimates and clinica! inferences uncertain 
There is no rabust evidence to recommend individualised clopidogrel treatment driven by CYP2C19 genotype 



8MJ201 1 ;343:d4588 doi: 10.1 136/bmj.d4588 
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CPIC: Clinical Pharmacogenetics Implementation 
Consortium of the Pharmacogenomics 
Research Network 

MVRelling 1 and TE Klein 2 T^ 1 ^ SUf- 

veys indicated that the major challenges to clinical implementa- 
tion of pharmacogenetics are^the absence of a definition ol 
the processes required to interpret genotype information and to 
translate genetic information into clinical actions, (ii^ the neec 
for recommended drug/gene pairs to implement clinically now 
[(hijclinicians resistance to considering pharmacogenetic infor- 
mation, andKimoncerns about test costs and reimbursements, 
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AutoGenomics Ijk ^P n T ON 

AutoGenomics - - un ^, 

^^^^^^ 77* faUmrtvt ftlulùrleu»} MDx Crt<.t„„ 




%tàH#M)tih SPI 



INFINITI 1 ' CYP2C19 (IVD) 
INFINITI" Warfarin Assay (IVD) 
HPV Genotyping (RUO) 
INFINITI' KRAS-BRAF (RUO) 



5 „ . „•„« 



WIN an 



iPad2 



Click Here to Register 



SPOTON AGILITY 

téàdTltfè Automation 

SPOTON EFF1CIENCY 

Interactive User Friendly Software 

SPOTON INTEGR1TY 

Replicate determinations on each 
BioFilmChip® Microarray 

SPOTON VERSATILITY 

Wide Spectrum of Applications 



Process Automation 
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f\H, AutoGenomics 



INFINITI® Test Menu 










Factor II flVD, CEÌ 


Warfarin Assav flVD, CEÌ 


HPV Genotyping fCEÌ* 


RVP Plus CCEÌ* 


Factor II Plus* 


C , P450 2Cy-VKOPCl fCEÌ* 


HPV-HR OUAD (CEÌ* 


FLU A-sHINI (CEÌ* 


Factor V Leiden dVD, CEÌ 


jS | r-..-D, CEÌ 
'I , P450 2'Z 19+ I CE 1 + 


HPV OUAD fCEÌ* 


STD-6 Panel* 


MTHFR ("CEÌ* 


KRAS-BRAF* 


STD-6 OUAD* 


Factor II-V Leiden (IVD, CEÌ 


I , P450 2D6I fCEÌ* 


KRAS* 
BRAF* 
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CYP450 2D6T* 


Leuko OUAD* 


Factor II Plus-V* 


CYP 45 0 3 A4* 
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CYP450 3A5* 
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MDR1* 
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5-FU* 
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Candida Vaainitis OUAD* 
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NAT- 2* 


MDR-TB* 


FMF Panel* 
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NTM Panel* 


AdoE** 


Breast Cancer Panel-AJ* 
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INFINITI Analyser 



AutoGenomics 





*2 (19154G>A) 


*8 (1271 1T>C) 


*3 (17948G>A) 


*9 (12784G>A) 


*4 (1A>G) 


*10 (19153C>T) 


*6 (12748G>A) 


*17 (-806C>T) 


*7 (19294T>A) 







BioFilmChip™ Microarray Unique Features 

S Optimal spot morphology 
S Low intrinsic fluorescence 
S Built-in assay controls ensure integrity of results 
•S Specific controls for PCR, primer extension, hybridization and wash 
S Dynamic scanning assures high analytical sensitivity 
S Spot to spot scanning using built-in confocal microscope 
S Integrated system controls for ali processes 
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Faraiacogenetica nella pratica clinica 




1) Warfarin 



2) Clopidogrel 



3) HCV treatment 
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Pharmacogenetics of anti HCV treatment 



L'HCV (Hepatitis C Virus) attacca preferenzialmente il fegato, attraverso l'attivazione 
del sistema immunitario dell'ospite, provocando danni strutturali e funzionali anche 
molto gravi tra cui la morte delle cellule epatiche (necrosi epatica), che vengono sostituite 
da un nuovo tessuto di riparazione-cicatrizzazione (fibrosi epatica). Progressivamente, 
questo tessuto di cicatrizzazione sostituisce tutta o quasi la componente sana del fegato, 
portando ad una grave compromissione delle sue attività fino alla cirrosi epatica. Una 
volta penetrato nel fegato, il virus causa una epatite acuta che però, nella maggior parte 
dei casi, è asintomatica. Ciò fa sì che la malattia possa divenire cronica (nell'80% dei 
casi) senza che il paziente se ne accorga e possa quindi curarla precocemente. 

L'infezione cronica da HCV colpisce 170 milioni di persone in tutto il mondo; si stima 
che su 100 persone infettate dal virus HCV solamente il 15% non sviluppa alcuna 
patologia cronica liberandosi dal virus grazie al proprio sistema immunitario, il restante 
85% sviluppa forme croniche della malattia con complicanze che evolvono in cirrosi 
epatica e in carcinoma epatocellulare. 



^UNIVERSITÀ degli STU£l]SfyE|L^4 




Trattamento genotipo virale 2 e 3 



ciclo di 24-48 settimane di PegIFN-alfa-2a e ribavirina (RBV) 




Trattamento genotipo virale 1 




Duplice terapia 
PegINFalfa+RBV 




Triplice terapia 
PegINFalfa+RBV+ 
inibitore delle proteasi 



età, (<40 anni) 

Carica virale (<600.000 UI/mL) 
No fibrosi epatica severa 
No insulino resistenza 




NO 



1É 
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Genetic variatioiT 
treatment-induced 



dicts hepatitis C 
rance 
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Dongliang Ge', Jacques Fellay', Alexander J. Thompsorr, Jason S. Simon 1 , Kevin V. Shianna 1 , Thomas J. Urban 1 , 
Erin L. Heinzen 1 , Ping Qiu 3 , Arthur H. Bertelsen 3 , Andrew J. Muir, Mark Sulkowski 1 , John G. McHutchison" 



& David B. Goldstein 



GWAS 



America 1 . Although the recommended treatment for chronic 
infection involves a 48-week course of peginterferon-a-2b 
(PegIFN-q-2b) or -q-2a (PegIFN-q-2a) combined with ribavirin 



(RBV), it is well known that many patients will not be cured by 
treatment, and that patients of European ancestry have a signifì- 
cantly higher probability of being cured than patients of African 
ancestry. In addition to limited efficacy, treatment is often poorly 



tolerated because of side effects that prevent some patients from 
completing therapy. For these reasons, identification of the 
determinants of response to treatment is a high priority. Here we 
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IL28B SNP rs 12979860 



This gene encodes a cytokine named INFÀ3, a 
cytokine with immunomodulatory activity. Up- 
regulates MHC class I antigen expression. 
Displays potent antiviral activity. 



the major effect of this polymorphism was to 
increase the rate of early virai decline, leading 
to higher SVR rates. 



19pl3.2- 
19pl3.12- 

1 9pl 2- 

19ql2fK 
1 9ql 3.1 2 
1 9ql 3.2 
1 9ql 3.32 
1 9ql 3.41 
19ql3.43 
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IL28B Genotype the Strongest Baseline Predictor of sustained virological 
response (SVR) With PegIFN/RBV 



Fasting Serum Glucose < 5.6 mmol/L 
Hispanic vs Black 
Meta vi r FO-2 
White vs Black 
HCV RNA < 600,000 lU/mL 
I ^ > CCvsNon-CC 



P< .0001 



P = .004 



P< .0001 




Odds Ratio (95% CI) 



P< .0001 



0 1 2 3 4 5 6 7 
Thompson AJ, et al. Gastroenterol. 2010;139:120-129. 
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Raccomandazioni AISF 

>Nei pazienti naive di genotipo 1 con fattori predittivi di risposta 
positiva al trattamento (genotipo CC dell' IL28 e fibrosi <F3), la 
probabilità di eradicazione dell'HCV superano l'80% con 
l'utilizzo della duplice terapia, rendendo quindi assente o modesto 
in termini di aumento delle probabilità di eradicazione 
dell'infezione il guadagno legato all'utilizzo della triplice terapia 
(Al) 



>Nei pazienti naive di genotipo 1 con fattori predittivi negativi di 
risposta pre-trattamento (genotipo non CC dell' IL28 o fibrosi F3- 
F4) una triplice terapia dovrebbe essere prevista come trattamento 
di prima scelta(Al) 
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IL28B Genotype Also Predicts Likelihood of 
Achieving SVR With BOC or TVR 



SPRINT-2: BOC + PR48™ 
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CC CT TT 

BOC' boceprevir *IL28B testing in ADVANCE was in white pts only. 

TVR: telaprevir 

1 . Poordad F, et al. EASL 201 1 . Abstract 12. 2. Jacobson IM, et al. EASL 201 1 . Abstract 1369. 
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IL28B Genotype Predicts Likelihood of Shortened 
Therapy With BOC or TVR 
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*IL28B testi ng in ADVANCE was in white pts only. 



1 . Poordad F, et al. EASL 201 1 . Abstract 12. 2. Jacobson IM, et al. EASL 201 1 . Abstract 1369. 
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Interferone alfa 


Ribavirina 








Frequenza 






> 30-50% 


Sindrome influenzale 


Emolisi, lieve anemia 




Stanchezza 


Dispepsia 




Cefalea 










l-3<)% 


Disfunzione tiroidea (50% ipo, 50% iper) 


Anemia (Hb<l00 ti Li 




Anoressia 


Pllli'Ho 




Alopecia 


Rash 




Depressione 


Dispnea 




Irritabilità 


Tosse 




Diarrea 


Stanchezza 




Neutropenia 


Secchezza degli occhi 




Trombocitopenia 










<1% 


Depressione grave, ideazione suicida 


Angina severa 




Infezioni batteriche fungine viravi 


Infarto miocardico 




Retinopatia 


Gotta 




Neuropatia 






Diabete 






Perdita permanente della libido 






Malattie autoimmuni 
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When to Consider IL28B Genotype Testing 

■ IL28B genotype testing may be considered prior to therapy if more information about 
probability of response or treatment duration desired [1] 

- Commercially available tests 

■ If patients have favorable CC genotype 

- Likelihood of SVR is high with pegIFN/RBV alone, but triple therapy may 
allow shorter therapy and, in one TVR study, higher SVR rates [2] 

■ If patients have unfavorable CT/TT genotype 

Likelihood of SVR is higher with triple therapy than with pegIFN/RBV [2 3] 

■ Limited value of IL28B genotyping in treatment-experienced patients 

- Most have unfavorable TT or CT genotype 

1. Ghany MG, et al. Hepatology. 2011;54:1433-1444. 2. Jacobson EVI, et al. EASL 2011. 3. Poordad 
F, et al. EASL 2011. 
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Perchè Farmacogenetica 



Conclusioni 



• Evitare episodi di tossicità da farmaci. 

• Migliorare la selezione dei farmaci e dei dosaggi. 

• L'FDA l'ha già introdotto nei foglietti illustrativi di alcuni farmaci 
l'indicazione all'attenzione o allo studio di aspetti genetici 

• Sistemi rapidi e potenti (microchip) stanno diventando disponibili e a 
prezzi non proibitivi. Ogni paziente potrà avere uno studio del profilo 
dei suoi polimorfismi (SNPs). 
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